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I, Abraham P. Lee, declare as follows: 

1 . I am a joint inventor of the above-identified patent application with Yung- 
Chieh Tan. 

2. Before January 1 , 2002, we conceived, in the United States, the invention 
disclosed and claimed in the above-identified patent application, and exercised 
reasonable diligence from conception until February 1 1 , 2003, the filing date of U.S. 
Provisional Patent Application Serial No. 60/446798 to which the above-identified 
patent application claims priority under 35 U.S. § 120. 
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Exhibit 1 is a true copy of disclosure materials, from Which the dates have 



been redacted, which record work performed before June 9, 2002, in the United States. 

4. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on Information and belief are believed to be true; and 
further, that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issuing 
thereunder. 
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l>ALLJANCES 



OTA Disclosure # 
PROPRIETARY INFORMATION" 



Office of Technology Transfer 
University of California 



Xil ' rv^tfjvi 



ALL QUESTIONS MUST BE ANSWERED 



1 • General Subject Matter: 
Microfluidic devices for controlled viscous shearing of oil-water em „l«f„n. r ■ 

formation of amphiphilic vesicles (liposomes, polyme ZZTr^^T ^Z°- 3 " d nan °- sca,e dr °P'*s and the subsequent 
des,g„ s for different nanomanufacturing featLs (speeT^ZoZtf^^' I 7^*™ mC,Udes Various ^rofluidic device 
asymmetric vesicles). Also included are designs tSZ^m^^^T ? "? multi - ,a ™ellar amphiphilic layers, 

polymer emulsions. The combined features L function^ o SS devices St • ^ (Sp,itti ^ fus 4, sorting) and 

hne, all on a single microfluidic chip. These amphiphiirvesides Tj^SS^^ am P h » vesicle production- 
biomolecular nanomedicine such as DNA, peptides nrS^Z^^^f a PP ,ications in drug delivery (including 

biomolecular devices (power, optical, ^o7LrZ^ 



2. 



patent attorney. " aPPi " !, """' " ^ ,he """-fr. inventorship „i„ be determillKl as , „, ,„„ 

Abraham Phillip Lee, Faculty 
Yung-Chieh Tan, graduate student 



a) Brief description of the invention: 
What is it? How is it done? What is the purpose? What is the fundamental principle? 



The higher the shear force the smaller £^S^^J^7 C ° nditi ° ns for dr °P'* formation, 

design of oil-water-oil sheath flow to establis ^SLS^SS? VZZF?"" * the dr ° plet formation ste P : *e 
and batch fabrication of the devices. 2. TTtTp^t^^TT^ 1 ™ ^ TWS enaWeS Suable, 

This concept is depicted in its most general form in Fig 1 and Fio 7 ™ 

formation. First, a sheath flow of oil-water-ofl I formed 1 H,MSt ? ,te8 the bHayer vesicles 

controlled and dictate the viscous forces at the Se -S^^^r"^^ ^ rehttvB fl ° W rates are 
and if it is, what sizes they form at. Second, by dtaSS^SS^ 7> 7^ dr ° pM formation is 
around the droplets to form monolayer vesicles Thi veLZ £ h , S0,Ut, ° nS 3 mono,aver membrane is formed 
bilayer vesicle upon entering the ajeous ^^^i^^ST ? "^J" ^ 3 

components in one integrated design. Droplets enter bifirca In If ,h dr °P e ' P ost - ass enibly and post-processing 
microchannels at this junction. The two ^T** ^ 3re P re «^ized into both 

apart the droplets. For fusing, larger droplets ^^^i^^^J^!""^ ^ Channd wa,,s assist '« faring 
to smaller size of the neck of the vertical channel. S?^!^? *T ^"P? h3nd Side and § et tra PP* d due 
the vertical channel. In the process, the Iaree s.zp d^Z ■ " ng fr0m the ,eft hand side and are able to enter 

rock back and forth. This Z^^Z^Z 0r PU,S3ti,e prCSSUre tha < — • to 

the sorter, droplets passing from left to right Ported bv velS ^ °lT * dro P ,et dou "le the original size. For 
different pressure drops to "attract" the S^^tuZ^JP?* the bifurcatio "> *™ are two channels with 
the horizontal channel. Since the smaller dropfe* ^^^S^S' ^ the dr °P ,et is ab,e * ""oss-over to 

the larger ones will drop into the vertical cZ*^^/^ ^ be C °" eCted in the ho ™^ channel and 



b) The invention is a new: 



-X-Product 

Composition 

(check all applicable) 



-X— Process 
-X-Method of use 



Funding source(s): 



Funding Source / Sponsor 


Contract or Grant Number 


Principal Investigator / Supervisor 


UCI startup funds 













Proprietary materials: 

This invention utilized Data or Materials from: 

A subscription to the proprietary database Celera 

Affymetrix Chips 

Material Transfer Agreement (MTA) 

Other proprietary material (Please Explain) 

(check all applicable) 



Item 



By whom 



Where 
Recorded 



To Whom 

First 

Disclosed 

Date First 
Disclosed 



Conception and 
First Written 
Description 



Abe Lee 



Arlington, Virginia 



Peter Rentzepis, professor at UCI 
chemistry department 



First 

Successful 
Operation 



Yung-Chieh Tan and Abe Lee 



UC Irvine (Engineering Tower) 



John Collins, postdoc at UCI 



7„ Disclosures: 

"r y ~^T o r C " * ^ — ) .hen „ hra , nnder wh! 

«• or*, Dr . Mike KH„ ak , Program Managtr a( Defe „ se ^ ^ 

c - fe y actu al use, demonstration, or posters 
We s^ed Dr. Mike Krih* <ie m o„ s „. ati „„ „r the d r „p,e, ,„ rmalioll under , ,„ „„ „„„, ^ 

8, Publication: 

been prepared? If yes" give detal, inc fT* " "T"^ and if s °> «»»s a m^script 

give the anticipated publication date. Append Tj^^SSi ? subnussion - If a manuscript has been accepted, 
of publication prior to the filing of a pa^apphcSn ) * ^ instructions ^ *e effect 

Summer Conference). 1 ransoucers 2003) and one due December 15 th , 2002 (ASME Bioengineering 

9. Prior Art: 

literature or patent search of this matter been made E^^L^f? 7? dMfcr fr ° m the prior art? Has a 
If none, state why not? y y ° U ° r f ° r you? If so ' attach C0 P™ of the most pertinent references. 



--No Known Prior Art —No Prior Art Search Done 

10. Problem Solved: 

T innc H ° W W3S Pr ° bIem S0,VCd in the P ast? What was the disadvantage to overcome' 

addition, the bulk mixing process did ZS^^&^^l^T^^ ™ ^ «* P ° reS sizes ' In 
asymmetric vesicles on demand as our microfluidic device wM enable COm P os,t,on to S^ate precise multilamellar vesicles or 



11. Advantages: 

State the advantages which the invention has over the prior ways of achieving the same purpose 



1^. Detailed Examples and/or Drawing 

Figures 1&2 are described above. Figure 3 illustrate* th™ A irf ^ a „ t a - 

photos illustrating the droplets Xi^m^^^ST^ T *° ge " erate dr0pIetS - Fi 8 ures 4& * are 
protein synthesis vesicles u'sing our S££l 1 1 ^fflTSjS ^ ^ ^ ° f Vamtb * 



13. Regulatory Approval: 

ZSSfZZZ?-' " ° b ' al " - """»" ™» If y«, d<d y „u g „ „, neee^ 

No. 



14. 

power ge.^ an d varies bi» S e„ s „r S ^SS^tTS^ES' e °' :, " ,! " late, ^..cul* 



Commercial Use: 

Has this invention had any public or commercial use? If so, what' Where' WhP„-> Tf^, Ki- 
rn the immediate future, indicate what, where, and when. ^£?J%£ H ^%SSS^ ~ 



15. Commercial Use: 
No. 
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Potential Licensees or Research & Development Sponsors- 



17. Signatures, Names and addresses of sons mentioned in Question 2: 
Signature / Date 



18. 




Print Name 

Abraham Phillip Lee 



Dept / ORU 

Biomedical Engineering 



Nationality 

U.S.A. 



Resident Street Address 

1 1 Murasaki Street, Irvine, CA 92612 



Print Name 

Yung-Chieh Tan 



Dept / ORU 

Biomedical Engineering 

Nationality 

Taiwan, R.O.C. 



Campus address with zip+4 (zip code + zot code) 

BME Department, 204 Rockwell Engineering Center 
Irvine Ca 92697-2715 



Resident Street Address 



Campus Extension 

4-9691 




Note: If there are more persons please provide signatures, names and addresses on an additional sheet of paper. 



Non-UC Collaborator(s): 

such other tmfl oy„, Md „„,„„ of the „,„„ .^J^Jt^S^PJ- JjUT *" *** * 



19. Technically Qualified Witnesses (Two Required)- 



-invention disclosed to and 



Signature / Date 



Print Name 



Signature /Date 



Print Name 



Submit this form with ORIGINAL SIGNATURES directly to: 



V.J. "Raj" Rajadhyaksha, Ph.D 

Associate Director 
Office of Technology Alliances 
380 University Tower 
4199 Campus Drive 
Irvine, CA 92797-7700 



If you do not receive an acknowledgment within 30 days, please call the above at (949) 824-4608 



Effective 1/1/82 
Revised 1/17/2003 



AH Rights Reserved 



Retention: 7 years after .ast patent expires or ,0 years after the date of the last action whichever is iater 
©1987 The Regents of the University of California 



UCI 

Unwrwty otaUtoa^ Irvine 



Oil/ solvent with * 9 

amphiphilic molecules (4^ Sheath flow extruded vesicles with AM 

*\ 1 4* . monolayer membranes in oil flow 

with reagents (red) ^ A , » f U V %* %< ^6 ^ 



to be encapsulated ■ -> mm mm ^^ fjg^mmmv 

Direction of flow 

V j^' I «0 Vesicles with AM bilayer 

* membranes in aqueous buffer 



Fig ' ^ST" ^ " niC " ,fI ° idiC ** *— * - nano^c^ „ f amphipMie 

for probing m<imbrara chaxaftensto by'di^TpS S^^J ° W ^""^ - 4 



1 




Droplet fusion 




Droplet 
generation 



40um 



droplet sorter that sorte according to size and density. P t0 mCTge ' ^ 3 

mimic real bS^ fiSL^STS^ 0 *? a T 8emenl8 ° f AVs Can be ex P lored 
For example, a rSearch^p ft m SS£ ^ PSSST *f ^ t0 ^ ° f 

using AVs can be carried out by sorting and fusine AVs vwrh ™lT f J ' C ° 1 mbmatonal synthesis 
chemistry factory for synthes/and JZZrffi X ^^^iT^^ * ^ 
possible to use precisely sized AVs for particle Lgingf^ * §S "** bl ° markers ' rt * **> 



2 



control (the current task), accurate molecular structures (Task 2^ anrf W„r ^ 7 IT , 
(Task 3)/ complex features for artificial cells can b^SSS^^^rT^ ^ 
out of PDMS and bonded to a polystyrene substrate ( ^ ^ dUmnds m ° lded 



f a t er , ■ oil . 



\ 



water 



Droplet 
generation 



1 



(a) 





Our goal will be to investigate the conditions to reliably control AV sizes ranging fro™ ^ m in 

inducing Rayleigh Instability like droplet formation^, 37]. In order to address mfse ^ lL^ 
acquired a piece of equipment, a microfluidic control manifold system *<!^aZ£S?* 7 
Station) developed by Micronics, Inc in Redmond, WA. This S^idic 
station with flow rate control of 4 channels as accurate as 0 01 uL per second HnwL I 

wr C f,^ 5 ( P° lyUreth3ne ' 6tC) ** re ^ 6 much -Channel £J 

n^^T < \ haUe T nge r °" *• device development wiU be the microfabrication processing It will be 
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Lee, A.P. 




Time (sec) 

time. Initially the 'seed' cTp nuSSS fox 1 £5ffi? tn^h T V™*** 1 * ^ * * e ° f 

release the drops moves faster. SSot^SSd^ST ^ ^ and ^ *" **** *• 

sloped line. The inset curve ^flSSSSSS^rT 1 "f. ^ SmaU - sl °P ed fee J"g- 
implies the droplets are released at eqSJSS S£" ^ " * ° f ^ ^ S ^ ht ^ 




longer sustain a laminar flow line (T36 40 41 n Ac, M u / i r mcreasect ' ™ ^terfacial tension can no 
biology. It is also possible to eenerate asv mm J™ i„ 1 V? S , d 'PP hci <™» « medicine and 

diftw This is &^£5S2E5££ E "SIT^ taer md ° uter «* are 
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r.l H C T bin ^ 0n With Task 2 ' where fte amphiphilic polymer molecules will be grafted the 

Lipids in ether (e.o;.dioleoyl 
phosphatidyfcho fine) 



and pore forming peptides/ 
protein* 4 



Separation and 
purification of 
proteins from 
liposome* for 
synthesis 




Protein synthesis solution 
(e.«. T7 promoter) 



. 6. Protein synthesis in liposomes. 
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